This paper examines the effects of local characteristics on the outcomes of drug and alcohol testing at nuclear power plants. Data on testing results from two years of program performance reports from the nuclear industry's fitness-forduty programs and data on local characteristics from the US. Census are used in the analysis. Geographical region, outage status, population density, and crime rate are found to influence the proportion of test results that are positive at nuclear power plants. In addition, population density and crime rate are found to increase the relative proportion of all positive test results that are the result of cocaine. Implications for evaluating the results of drug testing in the nuclear industry and in other industries are discussed.
Introduction
The Nuclear Regulatory Commission (NRC) currently has one of the most extensive, if not the most extensive, fitness-forduty regulation in the United States. The NRC's fitness-forduty rule (10 CFR Part 26, Fitness-forDuty) requires licensees authorized to operate or construct a nuclear power reactor to implement a fitness-forduty (FFD) program for all personnel having unescorted access to the protected areas and for all licensee, vendor, or contractor personnel required to physically report to a licensee's Technical Support Center (TSC) or Emergency Operations Facility (EOF) in accordance with licensee emergency plans and procedures. The drug and alcohol testing program is a central element of the required FFD program.
Licensees are required to submit data every six months that summarize the results of the drug and alcohol testing program. These data include positive test results for each category of test, substance, and worker. The NRC has contracted with Pacific Northwest Laboratories and its subcontractor, the Battelle Human Affairs Research Centers to analyze these data for the first two years of rule implementation (CY 1990 and CY 1991) . This paper reports on work supported by the NRC's Division of Reactor Inspection and Safeguards (FIN 12007) . The authors are solely responsible for the content of this paper.
Since January 3,1990 when the rule was implemented, the nuclear power industry has experienced a steady decline in the positive test rate. During 1990, 3 7 percent of the 278,209 tests performed by licensees were confirmed positive. In 1991 the overall positive test rate decreased to .66 percent.
Positive test rates vary substantially among the licensees. In 1991, for example, the positive test rate for licensees ranged from zero percent to 1.48 percent. These variations are even higher when examining specific groups of workers. One issue in assessing the effectiveness of the FFD rule is determining whether variations in the positive test rate are related to contextual variables. In this case the contexts examined are the local characteristics that may affect a nuclear power plant. Four such characteristics are examined in this paper. These are geographic region, population density, crime rate, and plant outage status. These charactenstics wcre selected because they provided several different measures of local characteristics and because the data for these analyses were available. Much of these data are contained in Volumes 1 and 2 of NmEG/CR-5758. These NUREG/CRs contain a full discussion of the fitness-for-duty data provided semi-annually by licensees.
Backqround: Overall test results
In 1990, the first year of rule implementation, the overall positive test rate was .87 percent. Positive test rates varied by the four types of testing required by the rule (pre-access, random, forcause, and follow-up). Forcause testing, which is conducted when there is reasonable suspicion that a worker is under the influence of drugs or alcohol, resulted in the highest positive test rate, with 29.23 percent of forcause tests confirmed as positive. Pre-access and random testing, which account for about 98 percent all test conducted, had lower positive test rates of 1.26 percent and .37 percent, respectively. Figure 1 shows overall test results by each of tht major test categories for 1990 and 1991. Positive test rates also varied by category of worker, and were higher for contractor personnel than for licensee employees in both years. Figure 2 shows test results by worker category for 1990 and 1991. In 1991 the overall positive test rate fell to .U percent and decreased for every type of test and worker.
Licensees also reported positive test results by the type of substance that was detected. The rule requires licensees to test for five illegal substances (marijuana, cocaine, opiates, amphetamine, and phencyclidine) and alcohol. Figure 3 shows these test results by substance for 1991. Of the 1,762 confirmed positive test results for which the substance was specified, marijuana accounted for the largest percentage (42.3%). Cocaine and alcohol also accounted for large percentages of confirmcd positive test results (31 2% and 22.8%, respectively). Opiates, amphetamine, and phencyclidine together accounted for less than four percent of all positive test results. An analysis of the positive test results was also performed in 1990 and produced similar results. 
Findines
This section presents findings from analyses of four local characteristics that were expected to affect the positive test rate at nuclear power plants. These characteristics are geographic region, population density, crime rate, and outage status. Each of the four characteristics shows important effects with regard to the positive test rate at nuclear power plants and, in some cases, the incidence of specific substances.
Geoeraphic Region
Licensees are divided into five NRC administrative regions, as shown in While the positive test rate decreased in each of the five regions between 1990 and 1991, the size of this decrease varied. In Region 11, for example, the positive test rate fell from .78 to A9 percent positive, a decrease of nearly 40 percent, while Regions I and IV each decreased by less than 10 percent.
One important point to consider when assessing regional positive test rates is the positive test rates of the short-term contractor population. There are several reasons why this is important. First, short-term contractors have a higher positive test rate than that of other worker groups so that regions in which licensees make greater use of this type of worker may expect higher positive test rates. Second, as will be discussed below, short-term contractors have the greatest impact on positive test rates during an outage. Thus, regions in which licensees are experiencing greater numbers and durations of outages can also expect this to affect their positive test rates. Comparison of positive test rates for each NRC region for 1990 and 1991
The percentage of positive test results accounted for by specific substances also varied by region. 
Population Density
It was hypothesized that nuclear power plants located in areas with greater population density would experience higher positive test rates. To test this hypothesis, two measures were chosen to represent population density. These were county density and the distance to a city of 300,ooO or greater. These measures were chosen because they capture both density and proximity to a mapr urban center.
County density was calculated by dividing the population of a county by the number of square miles in the county. This method of measurement adjusts for county size. County population and square miles were obtained from the 1988 County and City Data Book. To measure the distance from each nuclear power plant to the nearest city of 300,ooO or more persons, each plant was located on the Rand McNally Road Atlas. Distance was calculated by measuring the number of miles from the nuclear power plant to the outskirts of a city using a straight-line method of measurement. City populations were taken from the 1988 County and City Data Book.
Analyses using county density as a measure of population density found overall positive test rates to be higher for power plants in densely populated areas than for those in less densely populated areas. Figure 8 shows the positive test rates for 1991 for each of the five density categories using this measure. Power plank located in counties with a density of 47 or fewer persons per square mile had an average positive test rate of .50
percent. This positive test rate is nearly 40 percent lower than those plants in the most densely populated counties, which had an average positive test rate of .El percent. Results from analyses using the number of miles to the nearest city with a population of 300,ooO or greater as a measure of population density found similar results with regard to the overall positive rate.
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In both 1990 and 1991, cocaine was the only substance found to differ by population density. Figure 9 shows positive test rates for cocaine for each of the five county density categories. Power plants located in counties with 47 or fewer persons per square mile had a positive test rate of .15 percent for cocaine, while those in counties having a density of 529 or more persons per square mile had an average positive test rate that was nearly twice as high (28%). Distance to a aty of 300,OOO or greater found similar results with respect to cocaine.
Crime Rate
Crime has often been correlated with drug and alcohol use. It was postulated that those areas experiencing a higher crime rate may also have a higher incidence of drug and alcohol use that would influence the population of workers who work or apply for work in the protected area. Two separate measures were used to measure the incidence of crime. These were the crime rate of the county in which in a nuclear power plant is located, and the crime rate of the largest city within sixty miles of the plant. Both measures were based on serious crimes known to police and measured per 100,OOO population. Figure 10 shows the average positive test rates by the crime rate of the largest city within 60 miles of a nuclear power plant. The results for this crime measure are not entirely linear. That is, the category with the lowest crime rate has a higher positive test rate than that of the second lowest crime rate. In general, however, the two categories with higher crime rates have higher positive test rates (.78% and .69%) than the two categories with lower crime rates, which are .47 percent and 55 percent. Confirmed positive test rates for cocaine by county density during 1991 Figure 11 shows the positive test rate for cocaine by the crime rate of the largest city within sixty miles. Results from this analysis show more marked differences than those found in the analysis of the overall positive test rate. The positive test rate for cocaine was lowest (.17% and .13%) in the two categories with the lowest crime rates, and highest (27%) for the category with the highest crime rate.
Cocaine was the only drug found to be associated with measures of crime rate. There are several possible factors that could explain this relationship.
The first possible reason is that cocaine is a highly addictive and expensive drug that has been found to induce people to &mina1 acts (e.g., theft) to support their habit. Cocaine is also the most expensive of the drugs tested and has been associated with mapr drug trafficking activities. Finally, as discussed in the previous section, cocaine use is generally higher in more densely populated areas, which are also likely to experience higher rates of crime.
The results of these analyses tend to confirm the expectation that licensees' positive test rates would be positively correlated with crime rates in the areas surrounding nuclear power plants. This seems to be true at least in a broad sense in that power plants that are located in areas with very high or very low crime rates can expect these rates to be reflected somewhat in their overall positive test rates. These results do not, however, provide conclusive information about how test rates vary with small differences in crime rates. In 1990 scheduled outage dates were collected from all of the licensees. Results for 1990 found that the positive test rate was higher for licensees that experienced an outage during a six-month period than for those licensees that did not. This analysis was repeated in 1991. Although outage information was only available from slightly over half of the licensees in 1991, these findings were consistent with those reported for by all licensees in 1990. Figure 12 shows the differences in positive test rates for plants that experienced and did not experience an outage in 1991.
To better understand the reasons for the increases in positive test rates during outages, the rates for licensee employees and contractors were compared for plants that experienced or did not experience an outage during a given six-month period. Positive test rates for both worker groups were higher during a six-month period in which there was an outage. In the first six-months of 1991, for example, contractors from licensees that experienced an outage had a positive test rate of 1.21 percent, while contractors from licensees without an outage had a positive test rate of .53 percent. Licensee employees had a positive test rate of .37 percent at plants with an outage and a positive test rate of .I8 percent at plants with no outage. Similar results were found in the second six months of 1991 (see Figure 13) .
Another way to measure the effects of outages is to examine the distribution of the number of positive test results among the worker types. In the first six months of 1991, for those plants in outage, licensee employees accounted for 18 percent of all positive test results while contractors were responsible for the remaining 82 percent (see Figure 14) . In conclusion, nuclear power plants are not immune to their surroundings. Each of the four measures examined in this paper show important effects that can help to explain variations in positive test rates and the incidence of specific substances.
Historically the nuclear power industry has focused primarily on internal engineering-related factors as the major source of safety concerns. Increasingly it has been recognized that human factors are a key element in assuring safety. The fitnessforduty program is a direct response to concerns over human rather than machine reliability. Unlike the machine aspects of the plant, the humans in a plant are affected by the local characteristics of their environment outside the plant. Our findings emphasize the importance of examining these external characteristics.
